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Derek J. Robinson, BRAC Environmental Coordinator
Department of the Navy

Base Realignment and Closure

Program Management Office West

33000 Nixie Way, Building 50

San Diego, CA 92147

SUBJECT: Radiological cleanup standards for soil and USEPA PRG Calculator
Hunters Point Naval Shipyard, San Francisco, California

Dear Mr. Robinson:

The Department of the Navy (“Navy”) has established, with regulatory approval, radiological
Remediation Goals or release criteria for Radionuclides of Concern (RoCs) in Records of
Decision (RODs) for all parcels (Parcels B, C, D-1,D-2, E, E-2 F, UC-1, UC-2, and UC-3) of
the Hunters Point Naval Shipyard (HPNS}, San Francisco, California. These Remediation Goals
or release criteria for these RODs are the sanie as the release criteria listed in Table 1 of the 2006
Action Memorandum for the HPNS Basewide Radiological Removal Action.

Superfund Regulations in the National Contingency Plan (NCP) have defined the protective
range of excess cancer risk as a probability that a person exposed to radioactive and chemical
contaminants will have an additional one in ten thousand to a one in a million chance of
developing cancer (technically known as the 10° to- 10" cancer risk range).

The U.S. Environmental Protection Agency (USEPA) developed the Preliminary Remediation
Goals (PRGs) jor Radionuclides Electronic Calculator, known as the “PRG calculator” as one
tool for estimating risk from exposure to radiological contamination. In December, 2016, EPA
updated its soil PRG Calculator, This letter and attachment describe an updated estimate of risk
associated with the Remediation Goals for all Parcels at the Hunters Point Naval Shipyard using
site-specific factors, the approach recommended in the PRG Calculator User’s Guide. All
Parcels in the HPNS are required to implement institutional controls that include installing
durable covers and prohibit growing plants for consumption, except in raised planters. The
estimates incorporate these protective measures.

Using this realistic scenario, the current version of the soil Rad PRG calculator estimates that the
risks associated with the Remediation Goals for each of the RoCs fall within the NCP risk range
of 107 to 107° for a residential soil exposure scenario, the most protective option. Typically,
individual survey units would contain two to four RoC’s. USEPA found that in addition, even if
all HPNS RoCs were present at the Remedial Goal concentrations, the total combined risk would
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also still fall with within the risk range of 10 to 10°. These RG’s apply to concentrations found
above background levels.

The attachment and appendices to this letter gives more details about USEPA’s analysis. Please

contact me at 415-947-4187 or [ HYPERLINK "mailto:lee.lily@epa.gov" ] if you would like to discuss
this issue further.

Sincerely,

Lily Lee
Remedial Project Manager

Attachments

Cc.  Juanita Bacey, State of California Department of Toxic Substances Control
Tina Low, State of California Regional Water Quality Control Board
Amy Brownell, San Francisco Department of Public Health
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ATTACHMENT

USEPA Region 9 Evaluation of Hunters Point Naval Shipyard Radiation Cleanup
Standards for Soil

1. Imtroduction and Summary

The Hunters Point Naval Shipyard (HPNS) is a former military base in San Francisco,
California. It was used by the Navy as a naval submarine and ship repair facility from 1945 until
1974 and was also the site of the Naval Radiological Defense Laboratory from 1948 to 1969. In
1989, U.S. EPA placed the Shipyard on its National Priorities List, which is a list of federal
Superfund sites in the United States.

The Navy is the lead agency responsible for the investigation and cleanup of HPNS. As part of
the process, EPA and its regulatory agency partners (e.g., California Department of Toxic
Substances Control and Regional Water Quality ontrol Board) oversee and enforce Navy
compliance with the Comprehensive Environmental Response, Compensation, and Liability Act
(commonly called the Superfund law) to ensure the cleanup at HPNS protects human health and
the environment. The Navy and regulatory agency partners work together to decide how to
address the contamination. The Navy also gathers community input through a public process.

EPA uses the best available science to develop guidance for cleaning up sites, such as HPNS,
that are contaminated with radioactive materials. EPA’s goal for the HPNS cleanup is to ensure
that the community is protected from exposure to radiation and that the site can be used for work,
recreation, and residential purposes.

EPA assesses the health effects of radiation at a site by calculating the “excess cancer risk” posed
by radioactive contamination; Excess cancer risk is the additional probability that a person
exposed to contamination will develop cancer over a lifetime. Superfund regulations in the
National Contingency Plan have defined the protective range of excess cancer risk as a
probability that a person exposed to radioactive and chemical contaminants will have between an
additional one in ten thousand and a one in a million chance of developing cancer (technically
known as the 10™* to 107 cancer risk range}; When calculating this range, EPA uses assumptions
about exposure that are much higher than most people’s actual exposure. This means that EPA
overestimates risk to most people to make sure that cleanups are sufficiently protective.

EPA reviews the Navy’s cleanup report for each survey unit (small area of land or part of a
building) of HPNS using the current version of the EPA risk model to make sure that radiation
levels are within the protective 107 to 10" cancer risk range. This ensures that any land that is
transferred to the City of San Francisco for new use meets appropriate levels for protectiveness
with regard to radiation. In addition to removing radiological contamination above cleanup goals,
the Navy is installing a protective cover over the whole site. The Navy is also developing a plan,
which EPA will review, that ensures the Navy or City will maintain and inspect the cover
indefinitely.

EPA’s risk models have changed over time as radiation science continues to improve. In
addition, Navy cleanup requirements have changed over time. EPA has incorporated the latest
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models and cleanup requirements into its review process to ensure the HPNS cleanup continues
to be protective of human health and the environment. EPA has reviewed the Navy’s past HPNS
cleanup reports, applying the current EPA risk model for soil, and found that the Navy’s earlier
soil cleanup work has achieved the cleanup level needed to protect human health and the
environment.

2. Background information

The Department of the Navy (“Navy”) has established, with regulatory approval, radiological
Remediation Goals or release criteria in Records of Decision (ROD’s) for all parcels (Parcels B,
C,D-1,D-2, E, E-2, F, UC-1, UC-2, and UC-3) of the Hunters Point Naval Shipyard (HPNS),
San Francisco, California (See, for example, Navy, 2009). These Remediation Goals are the
same as the release criteria listed in Table 1 of the 2006 Action Memorandum for the HPNS
Basewide Radiological Removal Action (Navy, 2006).

Regulations in the National Contingency Plan (NCP) have defined the protective range of excess
cancer risk as a probability that a person exposed to radioactive and chemical contaminants will
have an additional one in ten thousand to a one in a million chance of developing cancer
(technically known as the 10™ to 10 cancer risk range}).

The U.S. Environmental Protection Agency (USEPA) developed the Preliminary Remediation
Goals (PRGs) for Radionuclides Electronic Calculator, known gs the “PRG calculator” as one
tool for estimating risk from exposure to radiological contamination (USEPA, 2017).! In
December, 2016, EPA updated its soil PRG Calculator.

The RG’s represent concentrations above background levels, which are determined based on
measurements at reference areas. The activity concentrations of radionuclides in each medium
should then be compared with site-specific background concentrations of those radionuclides
(i.e., radionuclide concentrations in environmental media not related to site operations or
releases). See Appendix A for more details about the Hunters Point Naval Shipyard site-specific
approaches to determining background levels.

The Navy uses a ‘not-to-exceed ' approach at HPNS and removes soil found above RG’s in its
cleanup actions. See, for example, Parcel B Radiological Removal Action Completion Report,
which describes the cleanup “to prevent exposure to residual ROCs in concentrations that
exceeded remediation goals .. . " (Navy, 2012)

Please note that radiological risk from buildings are addressed separately from soil and is not the
subject of this letter and attachment. USEPA Guidance recommends estimating risk from

! Please note: The soil PRG Calculator Users Guide states the following: “This guidance document sets
forth EPA's recommended approaches based upon currently available information with respect to risk
assessment for response actions at Comprehensive Environmental Response, Compensation, and Liability
Act (CERCLA) sites (commonly known as Superfund). This document does not establish binding rules.
Alternative approaches for risk assessment may be found to be more appropriate at specific sites....”
(USEPA, 2017)
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radiological contamination in buildings using the Buildings PRG Calculator, which is a different
model.

3. Site-Specific Factors

The USEPA PRG Calculator Users Guide recommends using site-specific factors:

“Inclusion or deletion of exposure pathways should be based on site-specific
conditions, including but not limited to local hydrology, geology, potential
receptors, and current and potential future land use, ammong other factors.
Accordingly, some exposure pathways may not be appropriate for a given site and
may be deleted; in such cases, the Region should explain its justification for doing
so and provide specific supporting data and information in the administrative
record documents that discuss the risk assessment (e.g., Baseline Risk
Assessment, RI, ROD, etc.).” (USEPA, 2017)

All Parcels in the HPNS are required to implement institutional controls that inglude installing
and maintaining “Durable Covers” on all Parcels listed above and prohibiting growing of plants
for consumption except in raised planters. The Navy and City also develop a plans, which EPA
will review, that ensure the Navy or City will maintain and inspect the cover indefinitely. These
are included in the RODs and the Risk Management Plans for individual Parcels. (See, for
example, Navy, 2009, Amended ROD for Parcel B, and Geosyntec, Inc., 2015, Risk Management
Plan for Parcel UC-1 and U(C-2) The PRG Calculator site-specific resident equation inputs for
soil incorporate thesg protective measures.

Therefore, for each radionuclide, the following parameters were determined to be the most
realistic scenario for calculating the risk values:

1.: Even though the future land use plans for HPNS include residential,
mdustrial/commercial and recreational uses, to be most conservative, the PRG Calculator
site-specific equation inputs assumie a residential scenario, the most sensitive land use.
EPA uses the residential soil exposure scenario as the most protective option because
potential exposure for residents is greater than for worker or recreational exposure
scenarios.

2. The “Durable Cover ’ can be two feet of soil, six inches of asphalt, or a building
foundation. Among these options, the asphalt cover is the form of Durable Cover that
provides the least amount of shielding. Therefore, to be most conservative, the PRG
Calculator estimate assumes an asphalt cover. See, for example, the Parcel B Remedial
Design, which requires the following:

“The newly constructed asphalt pavement cover will extend between the
existing buildings over the site to prevent contact with the potentially
contaminated soil beneath. The asphalt pavement cover will consist of a
minimum 4 inches of ABC [aggregate base course] material and a
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minimum 2 inches of an AC [asphaltic concrete] wear surface, for a total
cover thickness of 6 inches.” (Navy, 2010)

All other Parcels named above have an equivalent requirement of at least this level of
protection. Appendix B has calculations for a six-inch thick asphalt cover to show that it
has equivalent gamma shielding to a 25 cm soil cover. The PRG calculator only allows
entries in 10 cm increments, so the estimate assumes a 20 cm soil cover, which may be
roughly equivalent to 4.8-inch-thick asphalt cover, to be conservative.

The PRG Calculator equation input assumes no inhalation exposure, due to the Durable
Cover requirement that applies to all Parcels named above.

The PRG Calculator equation input assumes ng ingestion of homegrown produce, due to
the institutional control that applies to all Parcels named above that prohibits homegrown
plants except in raised beds.

The size of a survey unit is up to 1,000 m?,. Section 4.10.5 of the PRG Calculator Users
Guide states the following:

“The RAGS/HHEM {[Risk Assessment Guidance for Superfund/Human
Health Evaluation Manual] Part B model assumes that an individual is
exposed to a source geometry that is effectively an infinite slab. The
concept of an infinite slab means that the thickness of the contaminated
zone and its aerial extent are so large that it behaves as if it were infinite in
its physical dimensions. In practice, soil contaminated to a depth greater
than about.15 cm and with an aerial extent greater than about 1,000 m?
will create a radiation field comparable to that of an infinite slab. . . . in
most residential settings the assumption of an infinite slab source
will result in overly conservative PRGs. .. .” (U.S. EPA. 2017.)

As the most conservative option available, to ensure that an infinite plane is taken into
accourit in the risk calculations, a 1,000,000 m? Area Correction Factor was used.
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4. Findings/Conclusions

Using the above site-specific factors, as recommended by the PRG Calculator Users Guide,
Table 1 shows the risk estimate from the current version of the soil PRG Calculator for the ROD
RG’s. The table also estimates the PRG’s at a 107 risk.

Table 1

Residential use PRGs for soil, site-specific factors, realistic scenario®
For concentrations found above background levels
Hunters Point Naval Shipyard, San Francisco, California

Preliminary
- Goal (PRG) | ROD RG™
sotope 0a Si0r .
g (pCilg) at 10 | soil (pCi/g)c | RiskatRODRGs
risk?
Americium 241 (Am-241) 7.16 j{_ 1.36 1.90 X 107
Cobalt 60 (Co-60) 1.14 0.0361 316X 10°
Cesium 137 (Cs-137) 5.65 0.113 2.00 X 10°°
Europium 152 (Eu-152) 2.63 0.13 494X 10°
Europium 154 (Eu-154) 243 2.59 9.46 X 10°°
Tritium (Hydrogen 3) (H=3) N/AY —k— 2.28 N/AY
Plutonium 239 (Pu-239) 6.21 2 99 4.17 X 107
Radium 226 (Ra-226) 1 69 t 5.90 X 107
Strontium 90 (Sr-90) 0. 331 443 X108
Thorium 232 (Th-232) 1 24 1.69 1.36 X 10™
Uranium 235 (U-235) ! 6.21 0.195 314X 10°
Total Risk if all Radionuclides of Concern were present at ROD RG
levels in the same location 278 X 10

Output generated 03FEB2017 16:09:33

Notes about the table:

a. This estimate uses the default values for the time of day spent indoors vs. outdoors, the
duration of residence at one location, and any other values that are not discussed in the
section in the “Site-Specific Factors” section above. See Appendix C for the full set of

assumptions.

b. The column with “PRGs” mean the concentrations that would be associated witha 1 X

107 risk.

c. The RG’s represent concentrations above background concentrations. See Appendix A
for more information about background concentrations. USEPA’s “Radiation Risk
Assessment at CERCLA Sites Q&A” states “Site characterization efforts should be
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directed to confirming or refuting the presence of the radionuclides of concern in on-site
sources and in environmental media contaminated by releases migrating or being
transported and dumped off-site. The activity concentrations of radionuclides (and decay
products, if appropriate) in each medium should then be compared with site-specific
background concentrations of those radionuclides (i.e., radionuclide concentrations in
environmental media not related to site operations or releases), Preliminary Remediation
Goals (PRGs), screening levels, or potential remediation criteria (see Q3). Caution should
be exercised in making these comparisons, since radionuclide concentrations in
environmental media may change over time due to radioactive decay and ingrowth;
therefore, consideration should be given to the radioactive half-life of the radionuclides
of concern and any decay products, and the time period over which risks will be
evaluated.” (EPA, 2014)

d. The Health Physics Society states the following about the health effects of tritium:

“The beta particle that is emitted by tritium is considered to be very weak, having
an average kinetic energy of 6 keV. Asa result, these particular beta particles can
only travel about 6 mm in air before they lose their ability to cause ionizations. In
tissue, tritium’s beta particle is so weak that it cannot penetrate the typical
thickness of the dead layer of skin that exists on the outside of the human body.”
(Health Physics Society, 2011)

With no ingestion or inhalation pathway due to institutional controls, trittum will
not be expected to pose a health risk.

Using this realistic scenario, the current version of the soil Rad PRG calculator shows that the
risks associated with Remedial Goals fall within the NCP risk range of 10 to 10°. Typically,
individual survey units would contain two to four RoC’s. USEPA found that in addition, even if
all HPNS RoC"s were present at the Remedial Goal concentrations, the total combined risk
would also still fall with within the risk range of 10"* to 10°. As a practical matter, usually a
given survey unit contains two to four Radionuclides of Concern, so the total risk would fall
below this level.

For further context, Appendix D shows similar calculations for these other scenarios:

D.1. Residential soil exposure scenario with no durable cover
D.2. Worker exposure with no durable cover

D.3. Recreational exposure with durable cover
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Appendix A:

USEPA Guidance states the following:

“Background radiation levels will generally be determined as background
levels are determined for other contaminants, on a site-specific basis. In some
cases, the same constituents are found in on-site samples as well as in
background samples. The levels of each constituent are compared to
background to determine its impact, if any, on site- related activities.”
(USEPA, 1997)

Accordingly, at HPNS, workplans describe the procedutes for determining radiological
background levels based on reference areas. Background leyels vary from location to location,
depending on what type of materials are under investigation. Many different fill materials were
brought to construct Hunters Point. Additionally, multiple construction events have imported
materials that have different background levels. Background is determined based on samples
collected at reference areas. These are documented in the Radiological Removal Action
Completion Reports (Rad RACRSs) and the Survey Unit Project Report Abstracts (SUPRASs) for
different sections of the site. See, for example, the 2015 Final Work Plan, Basewide
Radiological Support, which states the following:

“The reference area is a geographical area or structure from which representative
radioactivity measurements are pertormed for comparison with measurements
performed in an impacted area. The reference area selected should have physical,
chemical, radiological, and biological characteristics similar to the impacted
area(s) being investigated. The reference area must not be identified as impacted
by the HRA [Historical Radiological Assessment].” (Navy, 2015b)

As one example of this approach, recent measurement of background for a Parcel C cleanup
effort found the following:

“Background activity for 226Ra, based on the mean of the greater of the reported activity
or minimum detectable activity (MDA), measured by a minimum of a 21-day in-growth
of the 609 31 keV gamma energy peak for bismuth-214 (214B1), was determined to be
1.057 pCi/g. This places the release criterion at 2.057 pCi/g of 226Ra for final definitive
data.” (Navy, 2015a)
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Table A-1 gives a summary of the findings that are presented in more detail in Table 3-3 from
the original document, which appears on the next page.

Table A-1: Concentrations of radionuclides found in reference area

[Note: Why is the value for Cs-137 negative? Tracy said it’s possible that the values shown subtract

Radionuclide of Mean Standard Remedial Background +
Concern background deviation Goal (RG) RG (pCi/g)
(pCi/g) (pCi/g) (pCi/g)
Ra-226 1.057 0.118 1.0 2.057
Cs-137 -0.002 0.010 0.113 777
Th-232 1.489 0.190 1.69 3.179
U-235 0.121 0.042 0.195 0316

mstrument background. When count time for instrument background is longer than for the soil sample,
then negative or zero values can occur. |

Table A-2 Risk estimates associated with the above concentrations
using the USEPA PRG Calculator

[NOTE: Will insert results after finishing calculations]

Radionuclide of Mean Remedial
Concern background Goal (RG) Background + RG
Ra-226 . | ..
Cs-137
Th-232
U-235 N
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Appendix B: Converting 6-inch Asphalt to a Soil Depth

The basic shielding calculation is:

I r =1 o€ —HLt
Where It is the final intensity of radiation,
Iy is the original intensity of radiation
ur is the linear attenuation coefficient of the material
attenuating the radiation, and
t is the thickness of the attenuator

If we divide by lo, we get the fraction of intensity that hag been attenuated when passing through
a specific absorber of a specific thickness (t).

Il = g""ﬂLt
Iy

If we use soil, the fraction of intensity equation would look like the following:

..i_f.ﬁ.o,_li e e_ﬂL,soiltsoil

IO,soil

Likewise, if we use asphalt, the fraction of intensity equation would look like the following:
M — e“#l,,asphalttasphmt

IO,asphalt

For Hunter’s Point, we want to determine how much soil would give us the same fraction of
intensity as 6inches of asphalt. To determine the depth of soil needed, we will set both the
fraction of intensity of'soil and asphalt equal to each other as followed:

If,soil _ If,asphalt _

e —Hysontbsoil — e “HLasphalt Lasphailt

IO,soil IO,asphalt
If we cancel out the intensity fraction, this would give us:

etLsoiibsoil — eﬂL,asphalttasphalt

To eliminate the exponential, we multiply each side by natural log of each side.
In(eHrsoitlsoit) = ln(e.uL,asphalttasphalt)
This would give us:
Hisoitlsoit = UL,asphalttasphalt
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If we solve to tsoit, this would give us the equation needed to determine the depth of soil needed
to equal 6 inches of asphalt.

.UL,asphalttasphalt

lsoil =
tuL,soil

In order to solve the above equation, we must know the linear attenuation coefficient for soil and
asphalt. The linear attenuation coefficient is determined by specific energies. If we look at a
lower energy such as 0.186MeV for Ra-226, we get the following

. .UL,asphalttasphalt
tsoil —
tuL,soil
where the tasphate=06 inches = 1524 cm

M1, asphalt = 0307 cm™!
HLsoit=0.195 cm’?!

0.307 cm~1 % 15.24 cin
Lsoir = 0.195 cm-1

tsoit =:23.99
If we look at a higher energy such as 2.614MeV for T1-208, we get the following:

L 0.0916cm ' x 15.24cm
soil 0.0541 cm™1

tsm‘t — 25.79
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Appendix C: PRG Calculator Site-Specific Resident Equation Inputs for Soil
This receptor spends most, if not all, of the day at home except for the hours spent
at work. The activities for this receptor involve typical home making chores
(cooking, cleaning and laundering). The resident is assumed to be exposed to
contaminants via external radiation from contaminants in soil.

Residen! Equation inpuls tor Soil
Wariabls Wake
TR %argf&i Carer risk uniiess £.006H
i Emeap 28
ED  {esposurs durcon - residernd &%
T DOSATE 2‘;{’*}\_ resigenti b 4
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24
15.478
1752
&
2{3
B
B
oo 30
. (ol in 12 rate - resickent adulll sngdd g
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T4
0.4
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i 722
X544
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Appendix D: Risk estimates and Preliminarv Remediation Goals (PRG’s) associated with
other scenarios

As additional background information for context, below are results showing risk estimates and
Preliminary Remediation Goal (PRG) levels for different scenarios:

D.1. Residential soil exposure scenario with no durable cover

D.2. Worker exposure with no durable cover

D.3. Recreational exposure with durable cover
Details appear below. Note that PRGs refer to concentrations found above background levels.
D.1. Residential soil exposure scenario with no durable cover

This receptor spends most, if not all, of the day at home except for the hours
spent at work. The activities for this receptor involve typical home making chores
(cooking, cleaning and laundering) as well as gardening. The resident is assumed to be
exposed to contaminants via the following pathways: incidental ingestion of soil,
external radiation from contaminants in soil, and ihalation of fugitive dust. Adults and
children exhibit different ingestion rates for soil. For example, the child resident is
assumed to ingest 200 mg per day while the adult ingests 100 mg per day. To take into
account the different intake rate for children and adults, age adjusted intake equations
were developed to account for changes in intake as the receptor ages.

[Insert Summary [able of PRG's and Risks]

D.2. Worker exposure with no durable cover

This is a long-term receptor exposed during the work day who is a full time
employee working on-site and who spends most of the workday conducting maintenance
activities outdoors. The activities for this receptor (e.g., moderate digging, landscaping)
typically invelve on-site exposures to surface soils. The composite worker is expected to
have an elevated soil ingestion rate (100 mg per day) and is assumed to be exposed to
contaminants via the following pathways: incidental ingestion of soil, external radiation
from contaminants in soil, inhalation of fugitive dust . The composite worker combines the
most protective exposure assumptions of the outdoor and indoor workers. The only
difference between the outdoor worker and the composite worker is that the composite
worker uses the more protective exposure frequency of 250 days/year from the indoor
worker scenario.

[Insert Summary Table of PRG’s and Risks]

D.3. Recreational exposure with durable cover

This receptor spends time outside involved in recreational activities.

[Insert Summary Table of PRG’s and Risks]
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